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(54) Tyre air pressure esUmatiiqi apparatus 

(57) In a tire air pressure e stii n ali iig apparatus, 
wheel speeds of respective wtieels are suocessiveiy 
calculated when a vehicle is runntng. At least one of a 
tire resonance frequency and a tire spring constant is 
extracted from vft)ra1ion frequency components 
included in a wheel speed signal (V)0 with respect to 
each of tires (la-Id). Tore ar pressures of dirive wheel 
tires (ta Id) are estvnated based on the extracted tire 
resonance frequencies or the tire spring constants. 
Rotational state values (eg. wheel speed values) of 
driveniRAieel tores (la. lb) are calculated tased on the 
detected wtfieei speeds Tnre air pressures of driven 
wheel tires (1a» lb) are estimated based on a deviation 
of the rotational state vak^ of the driven wheel tires. 
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DescftpClon 

BACKGROUND OF THE INVEiymON 
Field of the Invention: 5 

[QOOI] Ihe present invention relates to a lire air pres- 
sure estimating appaiatus for fficfrectly estimating tire 
air pressure or ctange thereof in an aulonr^^ 

lika 10 

RelateGlArt 

[0002] Japanese Patent Appfication Laid-open Na 5- 
133831 cfsdcses an apparatus of e stimatin g an air is 
pressure state of a tira In the apparatus, a re so na n ce 
frequericy of a tire is extracted by carrying out frequency 
an^ysis with respect to a signal (wheel speed signal) 
inducfing vi)ration frequency components of a tira The 
tire air pressure state is delected teased on tfie 20 
extracted resonance frequency. 
[pOOq The resonance frequency used wfien tire air 
pressure is estimated is dbout 30 through 50 Hz. How- 
ever, as mentioned below, tire an' pressi^e cannot be 
accuately e^mated depending on situations in wftich 2s 
the vehicle is put For exanrple. the tire air pressure can 
be estimated using a resonartce frequency in a range of 
about 30 through 50 Hz when the running speed of a 
vefnde is m a low or middle speed range. Ito wften tfie 
vehicle runs in an urban district or the lika However, 30 
when the running speed of the vefnde reacftes a Ngh 
speed range; a vi)ration phenomenon of atire is dilfKult 
to causa As a result, a power spectrum level of the res- 
onance firequency is towered and accuracy in estimal- 
ing tfiotire air pressure is worsened. 36 
[0004] For ttie problems as mentioned above; Japa- 
nese Patent Application Laid<]pen hto. 7-21723 
teacftes an apparatus In wfiich plural resonance fire- ' 
quendes of a tire are extracted from phiial frequency 
ranges, such as a range of about 30 through 50 Hz and 40 
a range of about 60 through 90 Hz, of the vftvation fre- 
quency oonponeiTts induded vt ttie wheel speed sig- 
nals. That is, when the running speed of a vehicle 
reachesa Ngh speed r ange; thetrequency range wlwe 
ttie resonance pfienomenon cs intensified is changed 46 
from tfiat of wften ttie rurmvig speed of the vefiicie is tn 
a low through nvddle speed range Therefora when tfie 
frequency range used tor e stimating ttie tire air pressure 
is cfenged in aoooidanoe vwth tfie vehicle runrahg 
speed range; tfie accuracy in estimating tire ab pres- 50 
sure can be enfianced. 

PXXtSl The inventors of the present application oor»- 
firmed that a higher-oater resonance frequency ^ 
e9iari9)la in a range of about 60 throust) 90 Hz) 
in the iM^ieel speed signal, greatly changes b) response 56 
to cfiange of the tire air pressure in a drive wfieel of a 
vehicle; \KMch is a characteristic suitable for estimating 
the tire air pressura However, the nnventofs also found 



that, even when the higher-order resonance frequency 
is extracted, the cfiange tftereof in response to tfie 
cfiangeof the tire air pressure is small &i adriven wheel, 
wfiereby accurate estimation of the tire air pressure is 
(fifficulL 

SUMMARY OF THE INVENTION 

[POOe] Therefbra it is an ot)iect of the present Inven- 
tion to provkle an apparatus capable of accurately esti- 
mating tire air pressures of respective wheels in 
accordance with characteristics thereof, even when nm- 
nmg cond i tion s of the vehicle is changed. 
VMXfTl In a tire air pressure e stimatin g apparatus 
aoooofing to ttie present invention, a vefude speed 
detecting device successively calculates wfieel speeds 
of respective wheels when a vehtole is ninning. An 
extracting device extracts at least one of a tire reso- 
nance frequency and a tire spring corstant with respect 
to each of tires from vilxation frequency components 
included in wheel speed signals which are detection 
results of the wheel speed detecting devica A first tire 
afr pressure estimating device e stim a t e s tire air pres- 
sures of drive wheels based on the tire resonance fre- 
quencies or the tire spring constants extracted by the 
ectracting devica 

I0OO8I The tfre air pressure estimating device further 
comprises a rotational state value cakxjiating device for 
calculating rotational state values of the tires based on 
the wheel speed signals detected by ttie vyheel speed 
detecting device, arxf a second tire air pressure estimat- 
ing device for estimating the tire air pressures of driven 
wheels based on a deviation of the rotatioral state val- 
ues catoulated by ttie rotational state value calculating 
devica 

[P009] That is, ttie tire air pressures of ttie drive 
w^ieels are estimated by the first tire afr pressure esti- 
mating device carrying out frequency analysis in 
respect of ttie wheel speed signals, because ttie tire 
resonance frequencies or tire spring constants of ttie 
drive wfieels can t)e exfracted from vft)ration frequency 
components of tires included in wheel speed signals 
wHhout being rnuch influenced by vehicle nmng condi- 
tions such asavehkde speed or ttie 6ka To ttie confrary, 
the tire afr pressures of ttie driven wfieels are es tim a t ed 
by using a dynarrac toad radius of a tfre. This is because 
accuracy can not be ensured in estimating ttie tire afr 
pressure by using frequency analysis fr) respect of ttie 
«^ speed signals, since a power specfrum level of 
^Axration frequency components of a cfriven wfieel tire is 
greatty cfianged in acoordarx^ witti the vefncle rurmnig 
conditions such as ttie vehicle speed or ttie Itoi 
IPOIOI fri ttiis way. ttie tire afr pressures can be esti- 
mated accurately regardless of ttie vehicle nmning con- 
dHions or whettier ttie wheel is a drive wheel or a driven 
whocl. 

EDOII] Alternatively, a tire afr pressure es timatin g 
apparatus according to the present invention may oom- 
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prise an extmctHig ctevice for QdFactff^ 
resonance frequencies or a pluiafily of tire spri^ 
slants from tire vixation frequent oomponenfts 
induded in a wheel speed s^ial with respect to each 
wheel, a selecting d^Moe for selecting a tiferesorence 5 
frequency or tro spring constant used in estnnatirig fr^ 
air pressure among the pluiatrty of tire resonance fre- 
quendes or tire spring constants in aocoidance with a 
nmningo^ncftionofavehicle^andad rta rni iran gdato 
for detenninmg based on the running condition of the w 
vehide whether the wheel speed signals are salable for 
estimating the treatr pressure based on the resonance 
frequency or spring constant extracted therefrom and 
selected by the selecting denca 

[Q012I The immntors found frorn their study that the is 
wheel speed signal of a driven wheel includes a higher- 
Older resonance freqi^ncy which greatly changes in 
response to ttie change Of tire ar pressure even after a 
nmning speed of the vehide reaches a high speed 
ranges when the vehicle is in one of predetermined mn- 20 
ning condftions. Therefore; the tire ao^ pressure of the 
driven wheel can be estima ted based on the vtoiation 
frequency components containing such a resonance 
frequency, in the similar manner with the drive wheel 
pmq That is; the tfre air pressure of a drive wheel is 2s 
basically est im ated aD the time based on the resonance 
frequency or spring constant selected by the selecting 
dOMce; because the plurafity of resonance frequencies 
or spring constants extracted with respect to the drive 
wheel is not considerably inffoenced by the vehide nm- 30 
ning concfitions such ^ tfie vehide speed or tfie Efca 
[0D14] To the contrary; the tire air pressure of a driven 
wheel is estimated based on the resonance frequency 
or spring constant extracted from the wheel speed S9- 
nal detected when the vehide is in one of the predeter- as 
rrined running oorxiitionsw For example; a concfiion in 
which braking force Is operated on a vehide is detected 
as one of tfie pred^ermined running ooneftfons. The 
tire air pressure of the driven wtieel is estimated based 
on the resonance frequency or spring constant 40 
extracted firom the wheel speed signal detected during 
the braldng operatibn of the vehideL 

BB\EF DSCRIPnOia OF THE DRMMNGS 

Cmq other features and actantages of the present 
invention mI be appretiatedl as weO as methods of 
operatfon and the function of the related parts, firom a 
study of the foUovMng detaied d escri p t ion, the 
appended dairns; and the drsMfrigs; all of which form a so 
part of this appfcatioa In the (tawngs: 

Fig. 1 is a model diagram showing a whole struc- 
ture (tf a tire air pressure estimating device aoooicl- 
ing to a first errbociment of the present invention; ss 
Fig. 2 is a blOGfc diagram showing a whole structure 
of the tire air pressure estimating apparatus accord- 
Big tothefbst errtxxfiment; 



3 is a bloGk diagram representing a physical 
model used lor estimating tire air pressure: 
f=ig. 4 is a flowchart showing a processing flow on 
respect of a drive wheel according to the first 
emtxxfiment; 

Fig. 5 is a flowchart showfrig a processing flow on 
respect of a cfriven wheel according to the first 
embocfiment: 

Fig. 6 is a characteristic cfiagram showing power 

spectra of wheel speed signals with respect to high 

and low vehide body speeds; 

Fig. 7 is a char»:teristic cfiagram showing relation^ 

8fi9)s t>etween resonance frequency and tfre air 

pressure with respect to high and low vehicle 

speeds; 

Fig. 8 is a graph showing a relalfonsh|> between 
the resonance lirequency arxi tire air pressure; 
Fig. 9 is a wav^orm cfi^ram showing a relationship 
b^ween tf)e resonance frequency and tire air pres- 
sure when the resonance frequency is calculated 
bjf carrying out frequency analysis on the wheel 
speed signal; 

Fig. 10A is a characteristic diagram oxficating 
change of a second resonance frequency peak in 
accordance with tire air pressure in a drive wheel; 
Fig. 10B is a characteristic (fiagram indicating 
drange of a second resonme frequency peek in 
accordance with tire air pressure in a driven wheel; 
Rg. 11 A is a characteristic digram indicating 
change in a ratio of left and right wheel speeds in 
respect of the vehicle body speed in the driven 
wfieel; 

Fig. 11B is a characteristic diagram mdfoating 
change in a ratio of left and right wheel speeds in 
respect of the vehide body speed in the drive 
wheel; 

Fig. 12 is a ftowchart showing a processing flow fry 
the drive wheel when an initializing switch is turned 
on; 

Fig. 13 is a ftawchart showing a processing flow fry 
the driven wheel when the initializing switch is 
turned on; 

Fig. 14 is a ftawnhart in respect of a drive wheel 

accord in g to a second embodiment; 

Fig. 15 is a floMwhart in respect of a driven wheel 

accenting to the second errtxxfiment; 

Fig. 16 is a flowchart in respect of a drive wheel 

according to a thflPd entxxfiment; 

F^ 17 is a flowchart in respect of a driven wheel 

accordingtothethird embocfimem; 

Fig. 18 shows a wav^brm illustrating cafoulation 

results of wheel speed Vx after passing through a 
C-band pass fitter; 

Fig. 19 is a reference characteristic diagrm to 
explaining a specific miethod of calculating a signal 
intensity of vforations given from a road; 
Fig. 20 ^ a characteristic diagram showing another 
rneihod of c al cul ati ng a sfflialintergity of v forati o r» 
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given from a road; 

Fig. 21 is a flOMChart shONving a p f Dcess in g fkm 

aooofd&ig Id a fourth einbocf ment^ 

Fig. 22 is a characterislic dagram shOM'ng pcmer 

specta of a wheel speed signal of a driven wheel s 

wtien a stop switch IS turned on; 

Hg. 23 is a flowchart showing a process ing flow 

aooofdingtoafHIh embod&nent; 

^ 24 is a flowchart showing a processing flow 

according to a sixth embocfiment; and io 

Fig. 25 is a flowchart showing a processing flow 

aocoicfing to a seventh emtxxfment 

DE1AILED DESCRIPTION OF PFSFERRED BIBOI>> 
IMENT IS 

[00161 An explanation wffi be given of preferred 
enixxfiments aocoding to the preserit irmntion in 
erence to the (tawingSk 
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[0017] Fig& 1 and 2 show a tire air pressure estimat- 
ing apparatus aooonfing to the first errtediment of the 
present ffivention. 2s 
[0018] AsshownbyF^ 1 and 2. wheel speed sen- 
sors 2 through 5 are installed to respective tnres la 
throu^ Id of a vehida The respective wtieel speed 
sensors 2 through 5 are composed of rotors 2a throu^ 
5a and picknup cols 2b through 5bi The rotors 2a 30 
through 5a are coaxially mounted on a rotary shaft (not 
illustrated) of each of the tires la throu^ Id to rotate 
along ¥wth the respective tires la through 14 and are 
made from disc-shaped magnetic bocfiea The pick-tp 
coils 2b through 5b output altematrng current signals ss 
respectively in correspondence with rotational speeds 
of the rotors 2a through 5a. that is, the tires la through 
Id. 

pmsi The alternating currerit signals oulputfrorn the 
pickHjpcoas 2b through 5b are fed toaknown electronic 40 
control device (hereinafter, referred to as ECU) 6 having 
a waveform stiaping circuit and a mcroconyuter com- 
prising CPU ROM. RAM and so on so that predeter- 
mined signal processing, which includes weweferm 
shaping of the alternating current signals output firom 4s 
the pichLp coSs 2b through 5bi is carried out 
[OOeO] The result of ttie signal processing is provided 
to a cfisplay unit 7 w^tich tncicates air pressure states of 
the respective tires la through Id to a driver. Tlie dis- 
play unit 7 may display the air pressure states of the 50 
respective tires la through Id wdependently from each 
otheror.by proMCfingonty oriedarmlarnpt itrnay onferm 
the driver that air pressure of any one of the tires 
becomes kMrer than a rrierence anr pressua 
[0021] It is to be noted that numeral 8 in Fig. tdesig- ss 
nates an initializing switch for initiafizmg a detection 
result and tlie Ite stored for estimating tire air pressure 
t>eiDreL 



[0022] Next an explanation wtD be given of details of 
signal processing executed in the ECU 6. 
(002^ Fnrst. an eoq;)lanation will be given of basic prin- 
ciple of est imati ng a resonance frequency based on a 
wheel speed signal which is carried out in a resonance 
frequency caloiating unit 61 of the ECU 6 in F«. 2. 
Nurneral 62 desi gn ates a rotational state value caiculat* 
ing unit for cateulating wheel speeds of respective 
wheels by receiving signals from respective wheel 
speed sensors 2 through 5. Alsot a determining unit 
160a is for determining tire air pressures of driven 
wheelsby comparing wheel speeds of respective driven 
wheels which are the rotational state vafuesw A d^- 
mining iffvt 160b is for determining tire air pressures of 

an wheels based on correspondnng resonance frequerv 
des. 

[P024] A pfiysical model in estimating tre air pressure 
can be GDqxessed as shown in F^. 3. 
[002q That is. road surface cfisturbance m04 that Is 
white noises is applied as an input to the tire^suspen- 
sion system As a result a wheel speed signal y(IO 
includes resonance frequency components dependent 
on tfie tire air pressura 

[D026] In the tire aor pressure-estimating apparatus in 
accordance with the first embodiment, the tirefeuspen- 
sion system is approximated by a finear forecasting 
model. The parameters of the model are identified fay 
the least squares method. Assuming that there exists 
one resonant point dependent on the air pressure fw 
each tire, it is sufficient that this linear forecasting model 
be approximated up to the "gecorid" order. This can 
minimize tfie amount of calculation and the capacity of 
data memory (RAM) necessary for the ECU 6. 
I0O27] A second-order disaete time model can be 
given kyy 



m = -c1y(k-1) -c2y(k-2) + m(l4 



(1) 



where k is a 8arrv)ling time; m(l4 is road suriSace 
disturtjance, and yW is the wheel speed signal as 
descrfoedabova 

[0028] Theunknownparametersci andcaareidenti- 
ffed. using finite number of observed data items yOO. fri 
this example^ tfiese unknown parameters c1 and c2 are 
identiffed by the feast squares method. 
[0029] More specfficall^ let e be a paramo vector. 
Letzbean observed value vector. We define the ft)itow- 
nngtwo-dimen sfo nal vectors: 



(2) 



[00301 Thus, Eq.(1) can be rewritten as 
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y{k)^z\k)B^mlk) 



pmtj As mentioned prmous^^ 
road surfecedsturbance and can be regarded ^whfte 
nocse& Estimation of the unlrown parameters by the 
least squares rnethod is rnade by fincfing such a vakie of 
Eq. (2) that mintrnizes a performance function repre- 
sented by 



M 



(5) 



[0032] Acoorcfing to the batch-type least squares 
method, the estimated vahie of Eq. ^) that minimizes 
Eq. (9 can be given by ' 

B^lj;^z{k)z\k)r'j;^z{k)y(k) (6) 
*»1 *»1 



For example; see Introduction to Robust Adaptation 
Contror, by MiWo Kanai. Ohm PuU^'ng Company, 
and "Introduction to System Identffication*. System 
Control I nt minatiui Library 9. by Toru Kalayama. Asa- 
kura Publishing Cdmpariy. 

[0033] The resonance frequency <D is found from the 
c1 and c2 identifM in this wa^ 
[10034] Letting T be the sampling intend the relation 
among tfie parameters c1 and c2 of tfie second-order 
discr^ time model* the resonant frequency flDk and an 
attenuation coefficient C is by the IblkMwng EqsL 
CO and W: 



c1 ^^c^'^^cos(2na>Jv^J) 



C2 = C 



[0035] Therefore; the resonance frequervryo and ttte 
attenuation oodfidentCcan be computed* using thelDi- 
loiMngEq5;(9)andpo): 



(10) 



[0036] A descrption wil be given of contents of a 
processing ftow executed tff the EOJ 6 in the first 
embo di iiienlinreferencetDtheftoM w ch ar t50fRgs.4,5, 
12 and 13. Aoooiding to the first through the third 
embodiments mentioned bekm, the EQJ 6 executes 
the difiierent processing fioMS in respect of a driven 
«4ieel and a drive wheel among the respective tires la 



(4) tfvough Id. 

ID037] i=tg. 4 is a flowvchart shonnng contents of 
ptocessing wrih respect to a drive wheel. 
[0O38] Risl. when an ignition switch of a vehicle is 
5 turned on* the processing proceeds to step 10 and it is 
determiend whether the initiafizing switch 8 shown in 

1 is turned on. 
[0O39] A stnple explanation will be given of the func- 
tion of the initiafizing switch 8. 
10 [D040] A tire resonance frequency or tire spring oofv 
slant which is used to estnnate tire ai'r pressure in tfie 
first embodinieril; is Mueiiced by tire size arvJ category. 
Therefore, wtien tires are cfianged, det e nm in ation val- 
ues for determining that tire air pressures lower need to 
IS be initiafized and ufxIatedL 

[P041 ] In the following* a case in which the inilializnig 
aMfftch 8 is not brougM into an Ofsf-slatB* that is, the 
determination values for determining lowering of tire air 
pressure have already been established wfll be 
20 desonbed. The processing of when the initializing 

mitoh 8 is determined to be in the OhMate wBI be men- 
tioned later. 

[0042] First at step 100, a pulse signal produced t>y 
>A^ve-sfiaping an alternating currerrt signal outputted 
25 from the pick-up coB 4b. 5b is read nn. The pulse length 
of the pu^ signal is divided by its pulse duration, bi this 
w^. wheel speeds Vx of the drive wheete are calculated 
for respective wheels independently from each other. 
[0043] As illustrated in the flowchart the tire reso- 
30 nance frequerxy or tire spring constant is calculated 
based on the linear forecasting method However, as 
descrft>ed in JP-A-7-21723* it is known that the reso- 
nance vibratfon of a tire has the folkiwBng feature& 
[0044] That is, in a kMf through middle vehkde speed 
35 range like when a vehcle runs in an urt>an district a res- 
onance peak is present in a range of about 30 through 
50 Hz in a power spectrum of a wheel speed signal ¥vith 
regard to respective trequenctes, as shown by an anrow 
A in Fig. 6. 

40 [O04q However* as the vehicle running speed shifts to 
a high speed range; as shown by an arrow B in Rg. 6* 
the resonance peak is gradua&y decreased Therefore* 
the resonance peak in the range of 30Hz through 50Hz 
cannot be used for estsmattng the ta^e air pressura 
4S [0046] At this time; as shown by an arrow D in l=ig. 6* 
a new resonance peak emerges at ^bout 60 Hz through 
90 Hz. In other words, the resonance peak in the range 
of eo-90 Hz has a relafionshp of heed ml taB of coin 
with regard to the resonance peak in the range of 30-50 
so Hz. As shown bf an arrow C in Rg. 6, the resonance 
peak in the range of 6(V90 Hz is not dear in the fow 
through middle mnning speed range where the reso- 
nance peak in the range of 30-50 Hz is preserrL 
[0047] It is oonskfered that the abovMtescrfoed first 
55 re so nance peak On the range of 30-50 H^ is a torsional 
resonarm frequency in the rotational cfirection of a tire 
and the second resonance peak (m the range of 60-90 
. Hz) is secondary conyonen te of the torefonal reso- 
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nance frequenqf. When tire air pressure towvers; 
because elastic deforrnation is iricreased at a side 
portm of the tire; the spring constant in the toisional 
(firection is also changed. Both of the resonance peaks 
can be used for eslii n aii ng the tire air pressure since 
these have dependency on the tire air pressure. 
pXMq Fig. 7 shovvs re te tionsh y s between the first 
resonance peak (in the range of 20-S0 Hz) and tire air 
pressure as weO as the second resonance peak (on the 
range of 60-90 Hz) arxl tire air pressura 
[00«9] At step 110, it is determined whether the vehi- 
cle speed V is equal to or less than a pred^envnned 
speed Vot to enable the estimatm off the tire air pres- 
sure by the resonance frequency included in the wheel 
speed signal regardless of veNde running speed, 
because the first resonance peak and the second reso- 
nance peak have tfie relatioffishp as descrt)ed atXML 
[D080I Vtftien the vehicle speed V is delernined to be 
smaOer than the predetermined speed Vbl. that is. 
when the vehicle running speed falls in a k>w through 
midde speed range, the processing proceeds to step 
120. At step 120, fater processing is carried out so that 
signals of frequencies other than trequendes indudSng 
the first resonance peak are cut off to further intensify 
signal intensity off the first reson an ce peak. Therefore, a 
narrow band pass filte r (hereinafter, r^erred to as band 
pass fitter) having a predetemnined frequency pass 
bang prom F11 through F1^ is used As shown on Rg. 
7. reference frequencies F1 1 . F22 are m a relationship 
ofF11<F12<F21<F22. 

[0061] The wheel speed signal whch has passed 
through the t»nd pass fOter is the wheel speed signal y 
WinBq.(1). 

[D0S2I At step 130. paramo identifying processing 
is carried out for identi^ing the parametersci and c2 off 
the (fiscrete time nrndel based on Eq. (Q from the wheel 
speed signal y 00 produced by the band pass fitter por- 
tion at step 120. 

WOSSl In a resonance frequent oorwerlingportfon at 
step 140. the resonance frequency Q> is calculated by 
Eq. (9) basedonperameteiscl andG2klentifiedalstep 
130. 

[0064] A resonance frequency -tire air pressure con- 
verting portion at step 150 is tor oomerting the calcu- 
lated resonance frequency a» onto tire air pressura As 
mentioned above; the higher the tire air presswa the 
Ivgher the resonance frequency. Conversely, the tower 
the tire air pressue; the tower the resonance frequency 
Hence; arelationshpbetweentireairpressureand res- 
onance frequency, provided m a map used at step 150 
is exemplffied in Fig. a That is, the relationshf) is pro- 
viKted proMously as a table (rnap) and tire air pressure p 
is (firectly estimated from a value erf the res o n ar ioefre- 
quency © which has been cateutated as m e n tioned 
abova The tire air pressure estimated vakie p calcu- 
lated from the value off the resonance frequency m is 
output to a d^ermmng portion off step 160. 
HXBSl At step 160. the d ete rm inin g portion indepenrf- 
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entty determines at)norma6ty of tire air pressure with 
respect to the respective wheels by comparmg the 
determination values preset as threshoU values for 
determining a tarxymaBtyoftire air pressure with tffie tire 
air pressures p output at step 150. 

IP056I When the tire air pressirop output at step 150 
is lower than the determination value; the ECU 6 drives 
a displaying portion 7 to indfoate abnormafity of tire air 
pressure at step 170. In the displaying portion 7. a lanp 
is Bghted on tsy a drive signal from the ECU 6 and 
abnonmality off tire air pressure is informed to a driver. It 
is tobe noted that, abnomnaiity of tire air pressire with 
respect to four wheels m^ be independenfly cfispl^ed 

by four lanps or may be (fisplayed by a single lanvii ^ 
wffnch atmrmafity of any tires is informed 

IP057I Fig. 9 shows a result of calculating tire reso- 
nance frequencies by tfte tire afr pressure es timatin g 
apparatus according to the first entxxfiment It can be 
read from Fig. 9 that the e^imated tore resonance fre- 
quency is changed substantially Bnearly in respect of 
tire air pressure. 

tOOSq When the vehicle speed Vis determined to be 
larger than the vehicle speed ^tol. that is, when the 
vehicle speed V falls in a high speed range, ttie 
processing proceeds to step 220. At step 220. a band 
pass filter having a pred^ermined frequency pass bml 
0rom F21 to F22) is used for cutting signals off fre- 
quency bands other than a frequency band including 
the second resonance peak in order to further intensify 
the signal intensity of the second resonance peak Qn 
the range of 60-90 Hz). 

[P059] The folkawing processing (steps 230 through 
260) is the same as that of steps 130 through 160 with 
respect to the first resonance peak Cm tite range of 30- 
50 Hz). Aocordins^. an explanation thereof wffl be omit- 
ted. 

[0060] Therefore; according to. the tire air pressure 
estimating apparatus off thefirst embodiment natural air 
leakage where tire air pressure is kywered substantraOy 
sfrnultarieously on four wfieels or air pressure towing of a 
tire due to puncture caused by steppmg on nails can be 
detected with high refiabflity, in a wide range off vehtoto 
speed where the vehtole is actually used 
EDOOI] Nextanexplanationwaibegivenoffaprocessr 
ingftow executed for driven wheels in reference to Fig. 
& 

IP062I First, before explaining tt^ftowchart off Fig. 5; 

explanation wai be given off results off detaSed inves- 
tigation made by the inventors wrtii respect to tile fea- 
ture off the second resonance peak Cm the range of 60> 
90 Hz) in reference to Fig& 1QA and loa 
EDOa^ Fig& 10A and 10B show the changes off the 
second resonance peaks vmth respect to a dHve wheel 
and a driven w4ieel wtien tire air pressure is used as a 
parameter. As is apparent from the drawings, afthou^ 
the change of the second resonance peak for ttie 
cffiange in the tire air pressure is so large in a drive 
wfteeltttat ttie second resonance peak can be used for 



6 



11 



EP09259G0A2 



12 



estimatrig the tire air pressure; in a cfriven wheel, the 
changeof the second resonance peak is very smal. ft 
has been darffied tyy research of the inventors that it is 
oonsideral)ly difficiJit for the seoonct frequent peak to 
bB used tor est im a tto n of the tire air presstre of ttte 5 
driven wheel in oonsideratnn of a (fispmion caused t)y 
vehicle running conditions or the (fke. 

[0064] AtendenQfthatafateofthechangeofthesec- 
ond resonance peak to ttie change in the tire 87 pres- 
sure is signfficaminadHvewheelandinconsiderabie in to 
a driven wheel, has been confirnied by the inventors on 
a rear wheel drive vehide; a front wheel drive veNde 
and a four wheel drive vehida Since it has found that 
such a tendency is present in any of the veMdes, the 
phenonnena that the wheel speed signal of the drive is 
wheel indudes the second resonance peak strongly 
depending on the change in the tire air pressure and the 
whed speed signal of the driven wheel indudes the 
second resonance peak weakly dependbig on the 
change in the tire air pressure^ seems to be universaL 20 
The cause thereof can be considered that considering 
a state where a tire is in contact with a road in tfte high 
speed range, because driving force is always operated 
between the road and the tire of the drive wheel, the 
treadportiononanouterperipheralsurilaceofthetireis 2s 
stably in contact with the road, wheret^ the change in 
the second resonance peak Ibr the thange in the air 
pressure manifestty appeais. 
WOSSl As disdosed in Japanese Examined Patent 
PuUicatfon hkx JP-&6-5S332, there hafi^ been pro- 30 
posed many tire air pressure estHnating apparatuses in 
which rotational state values of respective tires (values 
produced by int e gr at in g vi4ieel speed, wheel angular 
vetodty. rotational pulse number and so on for a con- 
slant time perfod) are cafotrfated based on whed speed 3S 
signals detected vMth respect to the respective wheels, 
and puncture in which air pressure of orve ¥vheel is fow^ 
ered is alanmed from a relative reiationshp among the 
rotatfonal state values of the respective tires. The basfo 
prMptecapableofddenrvirwigloweririgorairpressure 40 
caused fay puncture or the Ooe using the rotatfonal state 
values resides in the fact that a tire rubber portion of a 
wheel where tire air pressure is lowered deflects owing 
to load of the vehicle more than that of a wheel having a 
nonnal tire air pressua Asa resdtadfetence between 4b 
a roiatfonal center of the tire (center of a wheel) and the 
road suritee is sh ortened, tn this way. because the 
dfodive rotation radUs of the tire is reduce^ the tire 
roiatfonal state value (vdue ntegrating a wheel speed, 
idieel angular vetodty; rotational pulse number and so so 
on for a constant time period} is increased more than 
that of the otheni4ieel of whfoh tire air pressure is nor- 
mal AccoRfngly; the towering of the tire air pressure 
can be drtected by co m p arin g the tbe rotational state 
values 

[0066] The inventors have darffied advantages and 
<fisadv an tagesof a fnethod of d e t e n ro r w ig tow erin g of 
tire air pressure using the tire rotational state values 



through the detafled investigation of detection mecha- 
nisra Fig. 5 shows the processing flow of the ECXJ 6 by 
whch towering of tffe air pressure of the driven wheel 
can be determined in a wfoe r^ge of vehide speed 
where a vehicle is actually used, t^ utflizmg the advan- 
tages of the method against the problem such ttiat tire 
air pressure of a driven wheel is difficult to estimate 
based on the second resonance peak Qn the range of 
60-90 Hz). 

[0067] An explanation wiO be given of the advantages 
and the cfisadvantages of the metiiod using the tire rota- 
tional state values in reference to Fig& 1 1 A and 1 1 a to 
Rgs 11A and 11^ ratios of rotational state values of 
respective tires of driven wheeto and the drive wheels in 
a rear wheel cfrive vehicle, that is. ratios of wheel 
speeds of front left and front right wheels and of rear left 
and rear right wheels (FR : front right wheel. FL front left 
wheel. RR: rear right wheel. RL: rear teft wheeQ are 
ptotted. In tfiis case, the frorrt and rear right wheels are 
brought under normal pressu-e (for example. 2.0 
Kg/cnf) and air pressures of ttie front and rear left 
wheels are set to 2.0 kg/cm?, 1.6 kgAcn^. and 12 
kg/dn^. 

IDOeq AccoRfing to the graph incficating the case of 
the driven wheels (FR/FL). a ratio of speeds of left and 
right wheels (FR/Fg is changed by towering of tire air 
pressure of the 1^ front wheel (Flj. and is stabflized 
without being influenced by the change of vehide 
speed. In such a state, lowering of tire air pressure can 
be determined based on the ratio of tt)e wheel speecte. 
Vm&l To ttie contrary, according to ttiegr^indtoat- 
ing ttte case of ttte drive wheeto (RR/Rg, when tiie tire 
air pressure of the toft rear wheel (Rg towers, the ratio 
of speeds of the toft and right wheels (RR/Rg shows a 
diaracteristic in which the ratio is dearly dianged by 
towering of tire air pressure in a relatively low vehide 
speed regfon within a high vehide speed range; how^ 
ever. tt)e foster the vehtoto speedL the toss the ratio to 
dianged regardless of lowering of tfre air pressure of 
the rear M wheel (Rg. 

[DOTO] The cause of such a phenomenon to oonskl- 
eredasfdtows. 

[0071] Ittothoughtthatna high vehtotespeed range 
where air pressure restotanoe of a tire to faatonced wHh 
vefnde speed. fonManNnoving force of the vehtole to 
maintained to a fugh stata and large driving force to 
applied on drive wheels. That is. it to thought that sfip- 
page occurs in ttie drive wheeto even when tires of both 
left and right wheeto are under normal pressure of 2.0 
kg/dn?. 

ID0721 When a sSppmg state of a rear teft wheel of 
lA^iich tire air pressure to towered to conskferedL it to wdl 
toiown tfiat wtien ttie tire <Mt ect 5 in accordance with - 
towering of air pressure; an area of the tire in contact 
Witt) a road surface to increased and ttiereby fraction of 
ttie tire recovers, as a resiit. s^ppage of ttie wheel feftir- 
ther dHficult to occur ttian a wfieel of which tire air pres- 
sure to normal. When ttie influence of sudi a slipping 
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state of the wheel on the tire rotalk)nal state value Cmte- 
grated value of wheel speed) as mentioned above is 
considered, although the integrated value of the wheel 
speed is increased due to reduction of the effective 
rotating raifius caused by lowering of tire air pressure, 
the reduction of si jppage caused tyy recovery of the trai> 
tion operates to cancel increase in the integrated value 
of the wheel speed. 

[0073] That is, it rneans that no constant relationship 
^ established between lowering of tire air pressure and 
the integrated value of the wheel speed, whereby lower- 
ing of tire air pressure is difficult to d^ernrine based on 
the integrated values of the wtieel speeds. 
[0074] According to the tire air pressure e stiinalk i g 
apparatus using the rotational state vakies Ontegrated 
values of wheel speed or the fflce) in JP-&5^55332 
descrS>ed above. I wcri n g of tire air pressure is deter- 
mined by comparing the tire rotational stale values of 
four wheels with each other. Ther^e. the above- 
described influence of variation in the rot a tional state 
values of the drive wheels is un avoi da bia For this rea- 
son, the apparatus incorporates a basic problem in 
which a vehicle speed range capableof detecting lower- 
ing of tire ar pressure Bmited in prmcipla 
[0075] Accorcfing to the first enrt)odafnent as shown in 
a flowchart of Fig. 5. to d^enrine lowering of tire air 
pressure of a driven wfieel of which tfie tare air pressure 
is drfficult to estimate by the second resonance peaK 
attention is paid to advQvitages of the method (rf deter- 
mining loMring of tire ar pressure using tire rotational 
state values pntegrated value of wheel speed or the 
like). That is, a ratio of the tire rotational state values of 
left and right driven wfieels is used as a parameter for 
drter m iri ih giDwerwg of tire air pressure, based on the 
fad that in a driven w^ieel where driving force is not 
operated, the tire rotational state value has diaracteris- 
tics suitable for es tim ation of ttie tire air pressure in 
respect of lowermg of tire air pressure As a result tow- 
ering of driven in^ieel tire air presswe can be deter- 
nrined in a wide range of veKde speed where a vehicle 
is actually used. 

[0076] An explanation will t>estven of respective steps 
of the flowchart of Bg. 5. 

100771 Rrst; «4ten an igndion switch of a vehicle cs 
toned on, theoperation proceeds to step 3ia 
[00781 As has been escplamed m respect of the drive 
^Mrfteei, tfie following escptenation concern s the case in 
which the initializmg switch 8 is not brought in an OM- 
slate; that iStedeterin in ation values for d e terin i n in gtow- 
ering of driven wtfieel tire air pressure have already 
beendetenrined. Itistobenotedthatprocessmgca^ 
ried oUwhenthe inai^zmgswitch8isdetem«nedtobe 
01 the Oh»state at step 310 wfll be described tater 
10079] At step 400. a puke signal produced by wave- 
shaping an altemating current sigrel output from the 
pick-ip cofl 2b, 3b is read ort The pulse length of the 
pulse signal is (fvided by its pulse duratioa In this we(y^ 
the wheel speeds of the driven wheets are calculated 
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independently from each Other. 
ID08QI Next at step 410, it is d^ermined whether a 
vehide speed on calcinated from the wheel speeds Vk is 
detennined to be equal to or smaller than a predeter- 
nrined speed \A92. When the ninning speed of ttie vehi- 
cle falls on a low through midcfle speed range; the 
processing proceeds to step 420. The predetermined 
speed Voe may be the same as the abova<f escribed 
predetermined speed Nfol or m^ be diHerent there- 
from. 

[0081] The processing from step 400 to step 470 in 
Fig. 5 is the same as that from stq:> 100 to step 170 in 
Hg. 4 which have already been explained. Aocordingty. 
an explanation thereof wai be omitted. In the foOowmg 
descrption, an explanation wiO t>e given of processing 
(steps 520 and 530) earned out vyhen the vehicle speed 
V calculated at step 410 is nme than the predetenrined 
speed That is, driven wheel tire air pressure is dif- 
ficult to estimate using the abovedescribed first reso- 
nance peak Cm the range of 3(K50 Hz) in a h^ speed 
range. Therefore, in tills case; the mettiod of detenmin- 
ing lowing of tire air pressure using the rotational state 
values of the respective driven wheel tires are utilized. 
[00821 An explanation wiD be given of processing at 
step 520. It is to be noted tfiat a wheel speed integrated 
value is used as a tire rotational state valua At step 520, 
a wheel speed deviation D between wheel speeds of 
the driven wheels is calculated by the following Equa- 
tion (11). using the wheel speeds W which are detected 
in respect of right side and left side driven wheels. It is 
to be noted that calculation of the wheel speed deviation 
D is executed at every period of calculating ttie wheel 
speeds, for example, at every 5 msL 



D = Vxfr/Vxfl 



(11) 



wheran Vxfr is a wheel speed of the right driven 
iM^mel and Vxfl is a wheel speed of the M driven wheel. 
DMSSl At step 530, a predetermined number (n) of ttie 
>i^teel speed deviations D catculated as mentioned 
above is stored in a memory of the ECU 6 and is aver- 
aged by ttie following Equation (12). 



Do^J^D{k)/n 



(12) 



50 



[P084I The processing at tile step 530 is for removing 
influence of vehicle running situations such as turning 
or slope ascendingAdescending to ttie wheel speeds of 
the driven wheels, altix)ughttiedrivirig force is not oper- 
ated to ttte driven wheels. 

EDOOq Atstep540,tiieaverBgewheelspeeddeviatk3n 
Do is compared witti a predetermined reference value, 
and it is determirted ttiat tire air pressure bwers in any 
one of the driven wheels when tfie average wfieel speed 
deviation Do exceeds the r^renoe valua 
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EOOBq Atstep170,a(fisplayp(vtion7suchasataip 
or the Eike is turned on based on a cfrive signal from tte 
ECU 6 as has alrea4y been explatnedL As a way of dfe- 
play in this case^ fniir ianps (fisplay co rre spon di ng to 
the fDur wheels can be carried out and display using 5 
only oro lamp can aiso be earned out because it can 
be determined which of the 1^ wheel tire air pressure 
and right wheel tire air pressure has lowered since low- 
ernig of air pressure is determined by comparing tfie 
wheel speeds of the left and right driven wheelsw n 
[00871 Next an explanation wOl be given of the case 
in which the initializtng switch 8 is turned on in reference 
toHgsLiaandia. 

[0088] Rist. an expfanation wiM be given of iniliafiza- 
tion processing for a drive wheel in r^erence to Rg. 12. u 
[P089I At step 600. smSar to step 100 as described 
abcM; an aftematmg current signal output from the 
pick-up C08 4b 5b is weEv&«h^)ed to produce a pulse 
signal which is read m by the EGU 6. The pi^ length 
ofthepulsesignaiis(fividedbyap(iseduratioatnthis 20 
way. the wheel speeds Vx of 1f)e (irive wheels are calcu* 
lated independently from each other. 
Vmai As mentioned above, the initializing switch 8 is 
proMidedfor d^errrining a relationshpbelween a reso- 
nance frequency inherent to a tfre and tire air pressure^ 25 
which is necessary in est im at i ng drive wfieei the air 
pressure, when at least one of the tires is changed. 
Therefore^ when the irvtiafizmg swilch 8 is turned on. ft 
is necessary that the tire air pressure of the changed 
tire is s^ to a pr e determined vahia For example, the 30 
user of the vehicle is required tfiat tfie tire air pressure 
of tfie cfianged tire is set to a standard atr presswa 
[9081) At step 610. a resonance frec^iencypirst reso- 
nance pealO of the drive wheel tire is cakailalBd and 
stored as a first reson an ce peak mkl oonr e spond in g to 3s 
the standard tire air presstre into a memory of the ECU 
6. 

[0092] After the first resonancepeakcDkl is calculated 
at step 610. at step 620. a resonance ftrequem^ <Dk2 
(second resonance pealO of the drive wheel tire scat- 40 
culated when tfie tire is under tt>e stanctod air pressura 
Because a physical relationsh^ b^ween tfie first reso- 
nance peak ffikt and the second resonance peak a)lf2 is 
ekicklatedL the second resonme pe^ ©IS ts calcu- 
lated from ttterelationsfqpi 4s 
IPOSg Atstep630.aresQnancefreqMen(y<DL1 nri cor- 
respondence with an alarm pressure is cakulated from 
thetoacwing Equation (13) based on the firslresona n ce 
peak cDkl corresponding to the standard air pressura 
The re so n an ce frequency oLI is overwritten in the 50 
nnemory in tfie ECU 6 to estabfish a new deternrination 
value of drternMng towermg of cfrive wheel tire air 
pressurewhenthevehiclespeed is equal toorlessthan 
Vbi 

56 

<DL1 = <DK1-Aa>1 (13) 
wherein ^1 is a constant vakia 



ffXmi Sinilariy. at step 640. a determination value 
cdL2 of determining lowering of drive wheel tire air pres- 
sure is calculated from the following equatkm (14) 
based on the resonance frequency ©KZ (second reso- 
nance peal^ calculated at step 620 to enable the deter- 
minaticm of lowering of drive wheel tire air pressure 
when the vehicle speed is more than Vb. 

<dL2sso>K2-Ao»2 (constant) (14) 

[0095] Next, an explanation wiB tie given of initializa- 
tx)n processing for a driven wtieel in reference to Fig. 

ia 

100961 At step 700. the wheel speeds Vx of the cfriven 
wheete are cateulated in the sin^ manner with tfie 
drivewfieels. 

10097] Atstep 710. awheel speeddeviationl^ corre- 
sponding to a standard tore air pressure is cafculated t^ 
the following Equation (15) on the premise in whch a 

tire air pressure of the changed (friven wheel tire is set 
to tfie standard air pressura 

Dk^\Mr/}M\ (15) 

I0O98] Wherein Vxfr is a wheel speed of the r^ 

driven wheel and is a wheel speed of the left driven 
wheel. 

I0O9q Further, at step 720. the nurri>er (n) of the 
wheel speed deviations Dk calculated Eq. 15 are 
added together as shown by Eq. 12. thereby obtaining 
the average wheel speed deviatkm Dka At step 730, 
tire air pressure towering deterrntnatibn value DL is cal- 
adated based on the average wheel speed deviation 
Dko and is ovenmlten in the memory of the ECU 6. 

(Second Embodiment 

[MOOI An explanation will be given of a second 
errtxxfmentin reference to Ftg& 14 and 15. 
IPIOI] In the second embocfiment. when tn-e air pres- 
sures of drive wfieels are estimated t>ased on tfie corre- 
spending tire resonance frequencies cateulated from 
vibratfen components of drive wheel speed signate, the 
frequenqf lar^s of tfie vtotion components are 
divided fri two ranges, and signal tntensdies in the 
respective frequenqf ranges are cateulated The fre- 
quency range from which tfie resonance frequency is 
exfracted is selected based on the signal fritensitie& 
P>102] An explariatnn win be given of the second 
erTt)odirTientinr^encetoaflowchartof Fig. 14. Itisto 
be noted that the flowchart of Fig. 14 is carried out n 
respect of drive wheelsw 

pnoq Steps 10 and 100 are thesameasthosewhteh 
have been described in the first embodffnent and an 
explanation thereof will be omitted. 
IP104] At steps 801 and 802. filter processing is car- 
rM out so that signals of frequencies other than fre- 
quencies including the first resonance peak (in the 
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range of 3O-50Hz) and the second resonance peak (tn 
the range of 60-90HZ) are cut off to further mtenstfy si^ 
nat intensfties of the first resonance peak and the sec- 
ond resonance peak. Therdbrep band pass titers A and 
B each having a predetermined frequency pass bands 
(from F1 1 to F1 2 and from F21 to F22 as shown in Hg. 
7)arerespectivel/usedatsteps801 and802. . 
[OlOq M8tep803.signalintensitiesQaandGbofthe 
fir6t resonance peak ard tfie second resonance peak 
extracted at step 801 are calaiated and the ma^ 
tudes thereof are compared 
[Pioq An eofilanatnn will be given of a specSic 
rnetfiod of cafculBtrng tfie sigrKd nterisfties Ga and Gb 
in r e fer e nce to Rg-ia 

[DIOT] fng. 18 is a waveform of the output from tfief^ 
ter A (step 801) when a wheel speed \^ is filtered. The 
horizontal axis iraficates tinta The vertical axis DTKficates 
a gam representing tee magnitude of the vbratk3n com- 
ponents of the first resonance peak. Lei Vx(i) be the 
vahje of at every cateulatk)nal interval of 5 ms, lor 
exanrpte- The intensity Ga of the first resonance peak 
can be given by 
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ttie tire air pressures of driven wheels are estimated 
based on ttie abcve descrft)ed tire rotationaJ state val- 
ues. The Wtowing method is adopted to detemrwie that, 
based on whx:h of the resonance frequencies arxi the 
tve rotational state values, the driven wheel tire air pres- 
sure is to be estimated. That is^ the frequency ranges of 
the vft)ralk)n oorrponents of the wheel speed signal are 
divided in two ranges, and signal intensities Ga and Gb 
in tfie respective frequerxry ranges are caladated and 
compared (steps 811, 812 and 813). When the signal 
intensity Qa is larger, tfie driven wheel tire air pressure 
is estimated based on the resonance frequency 0vst 
resonance peal^ (steps 430 to 460). To the contrary, 
when the signal intensity Ga> is larger, the driven wheel 
tire air pressure is estimated based on the tire rotational 
state values (steps 520 to 540). 

rnurdEntxxGmenq 



Ga 



^1 



[OlOq That is, ft can be expressed as the sum of a 
number (n) of squares of the calculated at every 
wheel speed calculatksnal tntervaL 
[0109] The signal intensity Gb of the second reso- 
nance peak can be cateulated in the same manner. 
[01101 The signal intensities Ga and Gb are compered 
to each other. When the signal intensity Ga is larger 
than the signal ontensity Gb^ the range of the resonance 
frequency used in estimating drive wheel tire air pres- 
sure is deterrnined as the frequency range induffing the 
first resonance peak On the range of 3(K50 Hz) and the 
processing proceeds to step 130- 
[01111 Step 130 and the foOowfr)g steps are the same 
as steps 130 ttvough 170 which have already been 
explained n r^erence to Rg. 4» and therefore; the 
desorqition thereof is onittedL 
[Dt12| When the signal intensdyGb is larger tan the 
signal intensity Qa, the reson an ce frequency range 
used in est imati ng tfie drive wheel tire air pressure is 
deteriTvied to t>e frequency range Bndufing the second 
resonance peak. At this time; step 230 and the fbOowing 
steps are carried out which are the same as those as 
mentioned above referring to Fig. 4. 
[Dliq Fig.15sfK)wsaftowchartcarnedoutinrespect 
of driven wheelSw 

[0114] fcd the second ennboc fi ment. tire air pressuresof 
driven wheetsarebasicaOy estimated b^ed on the cor- 
responding tire resonance frequencies calculated from 
vbration components of driven wheel speed signals 
when a predetermined condition is fulfiDedL 



[0115] The third embodiment win be explained in ra- 
ring to Figs 16, 17 and 19. 

IP116] In the third embodiment, when tire air pres- 
sures of drive wheels are estimated based on the corre- 
sponding tire resonance frequencies cak:ulated from 
(16) 25 vibratN)n components of drive wheel speed signals, a 
vft)ration Input intensity is calculated from vibration corT>- 
ponents of a tire vibration phenomenon caused by 
vibratton input from a road surface. The frequer)cy 
range from which the resonarice frequency is to k)e 
ertracted is selected among a plurality of frequency 
ranges based on the vibratkxi input intensity 
EMITI Rg. leshowsaftowchartcarriedoutonrespect 
of driven wheels. In Rg. 16, since steps 10 and 100 are 
the same as those in 4, the descnptto n thereof is 



30 



36 omitted. 

[01181 At step 821, a filternng process is carried out so 
that signals of frequencies other than frequencies 
Mucfing the vibration oomporients of the tire vibratnn 
phenomenon caused t}y vibration iiput from the read 

^ surface; are cut off to further intensify ttie vt)rationDput 
signal intensity. 

IPtlS] At step 822, the vftyalion input signal intensity 
Gc is calcul at e d from the vibratiDn frequency conyo- 
nents mput trom the road surface of v^uch the s^ial 
4s intensity is intensified at step 821. and a magnftude 
thereof is compared wfth a pred ete rmined reference 
value Gca 

[^20] An explanation wiD be given of a specffic 

m^hod of calculating signal intensity Gc in reference to 
so l=ig.19. 

I!Cn21] Japanese Patent Applicatk)nLai(K)penNa 6- 
270618 has already taught that the vixHtion input from 
tt^ road surface can be exfracted from variatmcorrpo- 
nents of tfie wheel speed signal t^ using a suitable 
ss band pass filter (filter C). The spec^m^hod of c^ai- 
lating tfie vS)ration input is exempBied in Fig. 19. 
[0122] Fig. 19 is a waveform diagram of the output 
firom the filter C (step 821 ) when a wheel speed Vx is fl- 
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tered. The horizo n tai axis mcficates time The vertical 
axis incficales a gain representvig the magnilixie of 
vtofation components tnput from the road surfaca LbA 

be the value of at every cakulational tnt^^ 
5 ms, for example. The signal DTTtensityQc of the vi)ra- 5 
tion input can be given by 



Gc-Z(Wf(i))^ (17) 
'-I 10 

[0123] That is, it can be expressed as the sum of a 
nunto (m) of squares of the V!x(9 calctiatBd at every 
wheel speed calculalionai ihten^aL 
[0124] Rg. 20 shows another exanfile of the m^hod is 
of calarfaling the signal intensdy of vixation input from 
the foad surboa That is, the sum of the maximum gain 
(maxN^) and the minimum gain (minVx(i)) of the 
vi)rational conryonents of the ¥»heel speed during the 
calculational intenml of the signal ntensily Gc is 20 
adopted as a signal intensity Oc It is to be noted that, 
when the sum of ttie maximum gain and tfie minimum 
gain is osculated, the absolute value of the maximum 
gain and the absolute value of the minimum gain are 
added. 25 
[012q Calculated singal intensity Qc and the prede- 
termined rderence ysh» Geo are compared with each 
other. When the visraliQn input Intensity Gc is larger, the 
vi)ration frequency range used in estimating drive 
wheel tire air pressured is determine d to be the fire- 30 
cpjency range biducfing the first resonance peak On the 
range of 30^ Hz), and the processing proceeds to 
step 130. 

[0126] Step 130 and foOowing steps are the sarne as 
those in Rg. 4. 

[0127] When the vivation input intensftyGc is smaller 
than the reference value Gcattie reson an ce frequency 
range used in e s t im ating drive wheel tire air pressure is 
set to the frequency range including the second reso- 
nance peaK and the processing proceeds to step 230. 
Step 230 and the Mowing stepsarethesarne as those 
in Rg. 4. 

[0128] Rg. 17showsaf l D w ch art c ar rie d outirtrespect 
of driven wheels. 

[0129] brt the third ernbodnnent tire ar pressures of 
driven wheels are tiasacaBy estimated t)ased on ttte cor- 
respond mg tire resonance frequencies calQjIa tEd firDm 
vixation components of dHven wheel speed sagnatsw 
However, when a predetermined oondftion is fuffiDed. 
the tire air pressures of dMven wheels are estirnated 
based on ttie above descrdied tire rotational state val- 
ue& The toiowing method is adopted to de te r i T i ne that 
based on whwii of the reso na nce frequerxaes and the 
tire rotational slate vakjes, thedrivenwfieel tire air pres- 
sure is tobe estimated. That is, ttmvi3iationir|9utsi^ 
intereity Gc is calculated fr o m the vfcr ali o n conyonents 
of the tire vS)ration phenomenon caused by the viira- 
tion input from the road surface (steps 831 and 832). 



When the signal intensity Gc is larger, the diriven wheel 
tire air pressure is estimated based on tfie resonance 
frequency pst resonance pealO (steps 430 to 460). To 
the contrary, when the signal intensrty Gc is smaOer. the 
(friven wheel tire air pressure is estimated based on the 
tire rotational state values (steps 520 to 540). 
[OlSCq The present invention is not limited to the 
dbove<fescri>ed embodiments but can t)e variously 
mocfified as foflows. 

[Q131] R)r example, according to the at)ove<lescrS)ed 
embodiments, the ECU 6 is constituted such that the 
processing for the drive wheels and the processing fr)r 
the driven wheels proceed to the different flow& That is. 
independent calculating units and determining units 
which can perform calculation processing for the drive 
wheel and the driven wheel in paralel are provkled. 
However, the calculation processing may be carried out 
in the ECU 6 as in the order of right drive wheel ^ left 
drive wheel aright driven wheel -> left driven wheel. In 
this case, after it is determined wfi^tier the initializing 
a^ntch 8 is turned on, wtuch is carried out after the i^v- 
tion switch is turned on, whether a confrd object whM 
is a drive wheel or a driven wheel may be determined. 
When it is determined to be a drive wheel, the process- 
ing may proceed to ttie processing flow of Fig. 4 as 
explained iii the first embocfiment. and when it is deter- 
mined to be the driven wheel, the processing may pro- 
ceed to the processing flow of Rg. 5. The same goes 
with the second ard the third emkxx6merrt& 
[P132] In the abov&<fescribed embodiments, the 
method of estimating driven wheel tire air pressure or 
the method of determnrung atmrmaldy tfiereof is 
amtched based on the vehicle speedl the signal inten- 
sity or the signal input intensity That is. the tire air pres- 
36 sure estimating method using ttie resonance frequency 
and the mettxxJ using the deviation of tfie rotational 
state values such as the wheel speed difference or the 
IBce are switched based on the vehicle speeds, the sig- 
nal intensity or the signal input mtensity However. 
40 abnormality of the driven wheel tire air pressure may be 
alleys estimated based on the deviation of the rota- 
tional state values and ttie drive wheel tire air pressure 
may be estimated based on tfie oorrespondng reso- 
nance frequency. For example; en 5 of the first 
46 embodbnent step 110 through step 160 may t>e omit- 
ted, arxi the processffig may proceed in an order from 
step 100 to steps 320. 330. 340 and 170. The same 
goes with the second and third embodimentSL 
[0133] Although aocoid in g to the abovedescrOied 
so emtxxSments. change in the tire resonance frequefK:y 
is used to estimate tire air pressives of the drive and 
driven wheels or to detect abnormally thereoL How- 
ever, tire air pressures of the drive aid driven wheels 
may t)e estimated or atviormafity tfiereof may t)ed^er- 
56 mined tiy estimating change of tfie tire spring constant 
The cfange of tfie tire spring const an t can t)e detected 
by detecting, for exanple; the change of ttie tire reso- 
nance frequenQf. 
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[D134I Further, ai of analyzing m^hods such as FFT 
(highspeed Fourier transformation). Brtear projection 
method and so on are a ppl i c abl e to signal analyzing 
processing for wheel speed signals* which is carried out 
to detect resonance frequencies of the respective tnres 5 
in the abcve-desoibed embocfrnents. 

[rounn cnuMJiinenq 

[0135] In the fourth e ntwc ft nen t, as shown ty a dot- 10 
ted Ikie in Fig. 1 , a signal from a brake switch (stop sw) 
9 is fed to the E(XI 6 and is used as one of ooncfitions 
for analyzing the wheel speed signals, ft is to be noted 
that as the si^ of the brake switch 9» a signal from a 
welHariown stop larnpswachnriay be used. Further, if a is 
brake system of frie vehicle has a brake fluid pressure 
contrd dance indufing a solenoid valve; in place of the 
road distiit)ance m (k). brake fluid pressure vtation 
which is caused by CMCfF control of the solenoid 
valve and is transmitted to a wheel tire via a wheel <yt- 20 
inder can be used as a vivation source causing the 
vixation of ttie tire. 

[0136] Next a description vmO be given of a processing 
ftaw of the first entoirnent in reference to a ftawchart 
ofFig.21.ltistDbenotedthatbecause1heECU6e98e- ss 
cutes the same processing with regard to the respective 
tires la through Id, the ftowchart explamed bekiw 
shows only pr o cess i ng in respect of the tire la. 
[01371 lnF^21.iii^anlgnition8witchofthevehk:le 
is turned on. ft is det e rmined vrfiether the Miafizing 30 
switch 8 is turned on at step 10. When the ihrtiafizing 
switch 8 is not turned on. the wheel speed W is caka>> 
lated as explained bithe first errbodiment 
[0138] Atstep 110. ftisdetermihedwh^her a vehicle 
speed Vcakaiated from the wheel speeds is ec^ as 
to or less than a predetermined speed vol. 
[0139] When the vehicle speed Vis higher th^ the 
predetermined speed V01. that is. when the running 
speed of the vehicle is in a high speed range; ft is deter- 
mined at step 900 whether the brake switch 9 is tunried 40 
on. Only when the brake switch 9 is detenr in ed to be 
turned oa step 220 and foOowmg steps are carried out 
That is^ the brake switch 9 furKtons as a detenrirwig 
ctevice for deteriiMng whether the wheel speed sign^ 
is suitable far e st ir nat iri g the treafr pressure based on 4S 
the resonance frequency or spririg oonslant extracted 
therefrOTTL 

[0140] Asdescnbed above in reference to Figs. 1QA 
arxt 10B; the ctiange of ttte second resonance peak in 
responsetothechangeoftireafrpressurefelargewilh 50 
re^toadrivewiieel. but smaDwfth regard fr> adriven 

[0141] The reason that the ctiange of the second res- 
onance peak (s targe with regard to the drive wheel is in 
that the driving force is akvays operated between the ss 
road surface and the drive wtieeltire^ and the tread por- 
tk)n (an outer peripheral portion) of the drive wheel tire 
Is stably brous^ into contact with the road surfaca 



Vh4Zl However, the driving force is not operated to 
ttrecfriven wtieeL Therefore, tfte inventors have investi- 
gated on an effect of braking force by whch an effect 
stmlar to tfiat of tfie driving force can t>e expected. As a 
result as shown in Fig. 22. ft has been dar^ that the 
cftange of the second resonance peak in response to 
the change of tire air pressure is signffnantly mani- 
fested in the driven wheel, similar to the drive wheel, 
when the braking force is applied to the vehx:la That is. 
ft is time when the brake swftch 9 is brought into an ON- 
state; in otfter words, when wtieel braking force is 
applied on wheels, ft is considered as a factor fr)rsignif- 
icartly mantfestvig the change of the second resonance 
peak wfth respect to the driven wheel that when the 
wheel braking force is appGed on the wheels, force for 
bringkig a tire of a wheel in contact wfth a road surface, 
that is, so^D-speak tire grp force becomes large oorrv 
pared wfth that in the case where the wheel braking 
force is not applied, and therefore vibration input from 
the road surface to tfietre is entianced. ftistot>e noted 
that ft vixratfon input to ttte tire is given not from 
irregularities of a road swface but from brake fluki pres- 
sure vftvatfons caused tyy the ON-OFF operatton of the 
solenoid valve used for anti-skid control or the like, 
when braking force is appKed on the wheels, sonce the 
force for causing the tires to contact the road suriace is 
enhanced, the vbratfon of the tire caused by the pres- 
sure vft)ratfons becomes larger than that in the case 
where the braking force is not app&ed thereon. 

[101431 Step 220 and the follOMnng steps are the same 
astfx)seffYRg. 4. 

[P144] When the brake swftch 9 is in an OFF-s^ and 
the vehk:te running speed is equal to or higher than the 
predetenraned speed V01. afthough caloiation of the 
««ieel speed Vx is repeatedly carried out the process- 
ong does not proceed to step 220 and the foDowmg 



IP145I An addftfonai step may be provkted between 
step 110 and step 900 to d^emrine whether a confrol 
object wheel is a drive wheel or a driven wheel. When 
the control object wheel is the drive wheel, the processr 
ing may cfirectly proceed to step 220 without carrying 
out step 900. This is t)ecause the tire air pressure of ttie 
drive wheel can be estimated based on the second res- 
onance pe^ evening the brake swftch 9 is not 
turned on. 

[Ill III &nbodimenQ 

IP148I In tfie fifth e mbod im ent if the running speed of 
a vehkie escceeds a predetermined speed V02. that is, 
the vehide rwming speed is in a hig^ speed range; tire 
air pressure is estimated t>ased on tfte corresponding 
second resonance peak cakxjiated from vibratfon com- 
ponents of a wheel speed signal, only when an mtensi^ 
of vft>ra!x)n oriput from a road suface is fate 
termined range 

{01471 Anei^ilanationwaibegivenoftheftowGhartof 



12 



23 



EP09259eOA2 



24 



Rg. 23 aocxxdrig to the embodmer^ 
[9148] Because steps 10. 100 and 110 are the same 
as those in Rg. 21. tf» explanation thereof is omitted It 
rs ID be noted that a predetermmed speed V02 used in 
step 110 may be the same as the predetermined speed s 
V01 in the first embodiment or may be dHferent there- 
front 

[0149] Further, an explanation from steps 120 to 160 
illustrated in Rg. 23 wiD be omitted since these steps 
are the same as the contents of processing which have io 
afreadybeeneapbined in the first e m bo du iient The IdI- 
lOwing descrfrtion concerns the processng (step 910 
and tfie foOoMoigs) carried out when the vehicle speed 
Vcalateted at the step 110 IS higher than the predeter- 
mmdspeedVD2. rs 
[0150] At Step 910. a bandpass ffltering process pter 
Q is earned out so that signals of frequencies other 
than frequencies inducfing the vbfation conponent^ 
the tire vtoration phenom e non caused by vtoration input 
from the road surface; are out off to further intensily the 20 
vtoratioft input signal intensity 
[0151] At step 920, the vacation input sigfial intensity 
Gc is calculated from the vivation frequency oompo* 
nents mput from the road surface of which the signal 
intensity is Intensified at step 821. and a magnitude 25 
thereof is compared with a predetermined reference 
value Geo 

[0152] A specmcrnethod of calculating signal ontensity 
Gc is the same as the method explained in reference to 
Fig. 19 or the method explamed in reference to Rg. 20. so 
VnsSl Calculated signal intensity Gc and the prede- 
termined rderence value Goo are compared with each 
other at step 920. When the vfcration ir^ signal ffiten- 
sity Gc is larger^ the processing proceeds to step 220 
andthefiDliowingsthesamea5th06elnRg.4. Thatis^ as 
the tire air pressure is est im ate d tBsed on the second 
resonance peak. When the vixration input signal biten- 
sity Gc is smaller and ttte vetttde runnbig speed is 
hitler thanthepredeterrninedspeed VD2. althoughcaK 
culalionofthe«4ieel speed is repestedy carried out ^ 
the processing does not proceed Id step 220 and the 
following steps. 



foOcwings) earned out when the vehicle speed V calcu- 
fated at step 110 is higher than the predetermined 
speed >^ are explained. 

IP156] At step 930. tire rotational state values such as 
values produced by integrating wheel speeds or the Ite 
are used to detemiine whether a vehicle is in a turning 
stata That is. a wheel speed deviation D is calculated 
by theMlowing Equation (18) using the detected wheel 
speeds Vx of a front right and front left wheels the vehi- 
da ft is to be noted that the calculation of the wheel 
speed deviation D is carried out at every calculation 
period of the wheel speed, for example, at every 5 m& 



DB|Vkfir-Vxfl| 



(18) 



wherein Vxfr is a wheel speed of the front right 
wheel and Vxfl is a wheel speed of the front left wheel. 
[0157] Atstep940.apred^erminedniiTiber(n)ofthe 
wheel ^peed deviations D calctiated as mentkxied 
above is stored on a memory of the ECU 6 and is aver- 
aged by the following Equation (19). 



Do^J^D(k)/n 



(19) 



lr«l 



[Sbdh EmbodnnenQ 

[Pf5q ^ the sixlh embodiment if the nmng speed 
of a vehicte exceeds a pr e determme d speed V02. that 
is^ the vehicle runrang speed is in a high speed range, 
tire air presstve is estimated based on the conrespond- 
ing second resonance peak c afciilated trom vivation so 
components of a wAieel speed signal, only when a vehi- 
cfeisinaturningstata Rg. 24showsaflowchartof the 
sixth embodbnent 

[915S] An explanation of steps 10 to 170 and steps 
220 to 260 ilu6tiatedinl=ig. 24 is omHIed since these ss 
are the same as the contents off processing which have 
already been explained in the first embodirnent In the 
following description, the processing (steps 980 and the 



[P158] The purpose of the processing resides in that 
although influence by a road shape is considered to be 
comparatively small on a road where high speed run- 
ning is feasUe; the wheel speeds Yx yrt receive influ- 
ence of slope ascending or slope descendng or the Gke 
and accordingly; it is to be removed. 
[Pf59] At step 960. ft is determnned whether the aver- 
age wheel speed deviation Do calctiated as mentioned 
above is larger or smaDer than a predetenrnrod refer- 
ence value DTH. When the average wheel speed devia- 
tion Do exceeds the rel^ence value DTH the vehicle is 
determined to t)e in a turning state and tre air pressure 
is estimated based on tfie second resonance peak 

extracted from only the wheel speed signals in ttus situ- 
ation. 

[P16Cq Theestirnationoftireairpressurelhtheturning 
state may be carried out only with respect to a wheel 
tocated at an outside of a turning cirda That is. 
because a load for causing a tire to contact the road sur- 
face IS increased with respect to the wheel located at an 
outside ol a turrurig drcte (lor exanpla in turrahg to tfie 
right, front and rear M wheels) by movement of load in 
the vehicte body, vferation input lirom the road suriiace is 
consictered to become lar^ Ther^e; an additional 
step of determining wfi^tter a processing object wtieel 
is a wfteel located at an outside or an inside of a tumnng 
drcte nuy be provided. In this casa a wheel havmg, for 
exanrple. a higher average wheel speed is selected as 
the wheel located at the outside off the tummg cffda 
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[Soienlh EmbocfmenQ 

[P161] fin the seventh en to fime nt, if the running 
speed of a vehide exceeds a predetermined speed 
VD2. that is, the vehicle running speed is in a Ngh speed s 
range; tire air pressure is est im ated based on the corre- 
spcncf ng second resonance peak caicuiated from 
vbralion components of a vvheel speed signal, only 
w^en a vetude body (or wheels) is in a decetersting 
slata Rg. 25 shews a flowchart of the seventh embocfi- io 
ment 

IP162I An e99)lanation of steps 10 to 170 and steps 
220 to 260 Bhistrated in Fig. 25 is omitted since these 
are tfie same as the contents of process in g which have 
already been eo^isdned in the first embodiment bfi the is 
following description, the procesang (steps 960 and the 
followings) carried out when the vehicle speed V calcu- 
lated at step 110 is higher than the pred^ermihed 
speed ^ft)2: are e9q)lainedL 

is an embo dim ent in wfuch tire air pressure is 20 
estimated only when a vefttde or a wheel is brought into 
a decelerating state as selecting means for selecting 
wheel speed signals in accordance with a nmning situ- 
ation of the vehide and 15 shows a flowchart 
thereof. lnthefollowing.acasenwhichavehicledecel- 2s 
erEding state is deeded based on the wheel speed Vk 
is described. 

Vnesi At step 960. a representative wheel (for eocam- 
ple; r^ front wheel or the Ite) for representing a 
decelera ti n g state of a vehide is det e rm in edl and apre- so 
cecfing value Vhb of an average wheel speed as well as 
a cunrent value Vhn thereof is calodated by the foSow- 
ing Equation (20) using the wheel speed Vx detected 
Mth respect to the representative wheel It is to be 
noted that calculation of the wheel speed Vk is carried as 
out at every calculating period of the wheel speed, for 
example; at every 5 ms. 



*a1 



[Pteq That rs, the precedmgv^ueVtfo of the average 
w^ieeispeedisc a la fat e d bystDrwgaprBdeterrniiied 4s 
nurrfoer (n) of the iM^ieels speed values Vk calculated at 
every calculation period of the wtieel speed in a mem- 
ory of the ECU 6 and averting thera 
[01651 The current value Vhn of the average wheel 
speed is caicuiated n the sirnforrnanner with the pre- so 
cecfing value Vttx 

[01661 As (tescrfoed above; ttie average wfieel speed 
Vh can be catailated by tHiie-sequentegy adding each 
prectetennined number (n) of wheel speed values Vk. Ih 
thiscase;alatesta«ragewheel8peedisreferredtoa5 ss 
the current value Vhn. and the average wheel speed 
c ate i iiatc d at one preoecfing calciiating period is 
referred to as the prececfing value Vhbi 



[9167] At step 970. a deceleration G(-) is calculated 
firom a difference between the preceding value and the 
current value of the average wheel speed by the follow- 
ing Equation ^1). 

[)eceleralion G(-) « VM> - Vhn 

I916BI At step 980. a comparison of whether the 
deceleration G(-) is larger or sn^ler than a predeter- 
mined value Gd is carried out That is. it is determined 
whether the vehide is in a decelerating state. 
E0169] Only when the vehide is determined to ben 
the decelerating state at step 980, the processing pro- 
ceeds to step 220 and the following steps. Otherwise, 
calculation of wheel speed at step 1 00 is repeated 
D)170] Altematively.deceieratvig states of respective 
wheete nri^ be d^ernined at steps 960 through 980. in 
stead of the decelerating state of the vehide. and the 
processing of step 220 and the fbUownigs may be car- 
ried out with respect to only the whe^s determined to 
be in the decelerating state In this case; at step 960, an 
average wheel speed of each wheel in a predetemrined 
reference time period is calculated. A wheel decelera- 
tfon of each wheel is calculated at step 970. It is deter- 
mined at step 980 whether the wheel deceleration Gw(- 
) of each wheel is larger than the reference value Gwd. 
(0171] The vehicle decelerating state and the wheel 
decelerating state may be caused by a driver^ braking 
operation or engine bral®. Further, the vehide deceler- 
ating state and the wheel decelerating state are both 
considered to determine wh^er the estimation of tire 
air pressure is to t)e canied out based on the second 
resonance peak. That is, tfie processing may proceed 
to step 220 only with respect to a wheel when the vehi- 
cte deceleration Q(-) is equal to or more than the prede- 
termined reference value Gd. and the wheel 
deceleration Gw{-) thereof is equal to or more than the 
pred^ermined reference value Gwd to penmit the esU- 
matidn of tire air pressure. Ih tliis case, erroneous esti- 
mation of tnreair pressire can t>e prevented as less as 
possible and further accurate estimation of tire air pres- 
sure can k>e carried out 

1Sn72l The preserit invention is not IMted to the 
abowe<tescrfoed fourth through seventh enfooifimenls 
but can t)e modeled variously 
[0173] For example^ acoorcfing to the respective 
embodiments, when the wheel speed signal vforation 
components are fUtered to eKtract tire re so nance fre- 
quency therefrom; frequency values definmg a pass 
band of a fOter are changed deperviing on a kvaking 
state which is detected by the brake switch 9. the mag- 
nitude of vforation input from a road. surfece (vforation 
mputffitensits^.aturningstateoravehide; oradeceler- 
ating state of a vehide or a wheel, which are used as 
vehide running condHfon s independent from each 
other. However, the fOter frequency values may be 
dianged by combining the respective ooncfitions. For 
oampte. the processing may proceed to step 220 Old 



14 



27 



EP09259G0A2 



28 



the foOowings pter B portion) in the respective fkm- 
charts wtien the ma^vtude of vtoraSon input from a 
road surface is Karge erxMjg^. ttie brake switch 9 is 
turned on, the vehicle is in a turning state; and a veNde 
or a wheel is nn a decelerating stata The order of the 
concfitions to t)e d^emined can l>e set artHtrarSy. 
[D174] Further, aocorcfng to the atx)veKle8cri)ed 
respective errb odin ients> wtien the runnmg state of a 
vehicle does not satisfy the conditions such as the Oh^ 
state of a tvake swftch 9. the large magnitude of vfcra- 
tion onput from a road surtee; the vehicle turning state 
or the deceleration state of a vehicle or a wheeL for 
exanv)le; when the ON-siale of the brake switch 9 is 
negatively determined at step 900 of Fig. 20, the 
p ro ces sin g returns to a wheel speed cakailating step 
(step 100) and tirie air pressure is not estimated How^ 
ever, when these ooncfitions are not satisfied, tire air 
pressure may be estimated by comparing respective 
wheel speeds with each other, or based on differences 
among the respective wheel speeds. Acoorcfing to 
determination of tffe ar pressure using the wheel speed 
values, for example; wheel speeds of aO of wheels nay 
be compared, or dmerences among the respedive 
wheel speeds may be obtained when a vehk:le is nei- 
ther n an accelerating or deceleratfrig state nor In a 
turning state. A wheel of which the wheel speed 
larger by a reference value than the wheel speeds of the 
other wheels m^ be determined as a wheel in which 
the dynamic toad radius of the tire is reduced because 
dthetowermgof tire air pressure: Also; in ttie above- 
described case; a tre rotational state value other than 
the wheel speed value can be used to specify the wheel 
of whk:h air tire pressure towers. 
[OITQ Although aooordmg to the abowe^tescribed 
respective embod i mer l b, the e stimatio n of tire air pres- 
sure is earned out based on the resonance frequency of 
a tire; the estimatton of tire afr pressure may k)e carried 
out based on a tire spring constant cahadated from tiie 
resonance frequency of the tire or a tire spring constant 
equivalent to the resonance freqMency of the tira 
[0176] Ftvther, tire air pressure is estimated without 
discrirnrating between a driven wf^ and a drive 
wheel acoow fin y to the ^bowe-descnbed respective 
e mbo dim e n ls. Howew, when the nwning speed of a 
vehicle is in a higft speed ranges a power spednm of a 
wrfieel speed signal of a (frive wheel is large since ttie 
driving iDrce output lirom an engine is tr ansmitte d to the 
drive wheel and the power spednjm of a wfieel speed 
si^ial of a driven wheel is small since ttie driving force 
output from the engine is not transmated to the driven 
wheel Because the change of the higher order reso- 
nance frequency (second re so n an ce peak) relative to 
ttiecfange of tire air presstfe is m a nifested oor gi dera- 
bly and stably, the tire air pressure of the drive wheel 
m^ be estnnated by step 220 and the foOowings (liter 
B portion) based on the second resonance peak Cm the 
range of 60^ Hz) wittioul oonskJering the vehKle nflv 
ning conditions or the magnilude of vtoration input from 
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a road surfaca In tfns case, ttie tfre air pressure of a 
cfriven wheel may be estimated in view of ttie vehicle 
nmning concfitions or the magnitude of vtoration orvMit 
firomaroadsuriiace. 

Claims 

1. Atireafrpressureestimatingapparatusconprising: 

a wheel speed d^ecting device (2-5) for suc- 
cessively calculating wheel speeds of respec- 
tive wheels when a vehkde is running; 
an extracting device (61) for extracting at least 
one of a tire resonarx^e frequency or a tire 
spring constart with respect to each of wheel 
tires from vSxation frequency components 
included in wheel speed signals whwh are 
detectton results of saki wheel speed detecting 
devk:e; 

a first tire air pressure estimating device (160b) 
for estimating tire air pressures of drive wtteels 
based on sakl tire resonance frequencies or 
said tire spring oonstanis esdracted by saxi 
extradingdevk»; 

a rotational state value cateulating devk;e (62) 
for cak:utating rotational state values of driven 
wheel tires based on sakJ wheel speeds 

detected by sakJ wheel speed detecting devtoe; 
arid 

a second tire air pressure estimating devk:e 
(160a) for estimating tire air pressures of driven 
wheels based on deviations of sakI rotational 
state values calculated by sakJ rotational state 
vatoe calculatirig devica 

L A tire air pressure estimating apparatus acconfing 
to Claim 1, wherein saki first tire air pressure esti- 
mating devtoe (160b) includes a selecting devce (6: 
step 110. steps 801-603, steps 821, 822) for select- 
nng a vi)ration frequency range of sakJ viyation fre- 
quency components included in sakl wheel speed 
sigral from which saki tire resortaiice frequericy or 
tire spring constant is to be eodracted by saki 
extracting device; and tire air pressure of said 
drive wtieels are estimated based on saki tire reso- 
nance firequenQf or tire spring constant extracted 
from saki vft)ration frequency range selected by 
saki selecting devtoa 



5D A tire air pressure est im ating ap paratus a cc or d in g 
to Claim 2, wherein sakl selecting devk» includes a 
mnning speed detecting devtoe (6: step 110) for 
detecting a running speed of saki vehxle and 
selects saki vibration frequency range based on 
SB said running speed. 

4. A tire air pressure esti m ating apparatus according 
to Oarni 2, wherein saki selectmg devfoe com- 
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a(fivkfing<leinc8(6:step6801. 80^fbrcfivid^ 
sakivtofafion frequency coiTywnen te 
• ralHy of vt)rBtion frequency ranges; and s 
a signal intensity caicutating device (6: step 
803) for calculating signal nntensities in said 
respective vlxation frecpiency ranges^ 
wtierein said selecting device selects said 
vivalion frequency range from wtuch said tire w 
resonance frequency or tire spring constant is 
to t>e extracted among said vi)ration frequency 
ranges based on said sigrtal intersit»s calcu- 
lated t>y said signal intensity calculating device 

5. A tire afr pressure estimating apparatus acoorcfing 
to Claim 2. wherein said selecting device (6: steps 
821, 822) calculates vibration orpul Intensfty from a 
road surface to said tnres and seteds said vS)ration 
frequency range based on said vi)ration input 
interBity. 

8. A tire afr pressure estimating a p par atus according 
to Claim 1, wtierein said second tire afr pressure 
estimating device (160a) indudesa condition deter- 
mining device (6: step 410. steps 811-813, steps 
831. 832) for de te rmin i ng whether oondftiors for 
carrying out estimation of said tire afr pressure 
based on said rotational state values are satisfied. 

7. A tfre afr pressuB es timati ng apparatus aooorcfing 
to Claim 6^ wfterein said concfition d^ermining 
device flTKludes a runrang speed d^ecting device 
(6: step 410) for detecting a nmng speed of said 
vehicte and deterrninesw^ielher said cond iti on s are 35 
satisfied based on said nmning speed. 

& Atireafr pressure estimatingapparatuscompri si n g: 

a wrfieel speed detecting device far sue- 4o 
cessively calculating wheel speeds of respec^ 
tive w^ieels w^ien a vehicle is rurmg; 
an exfractvig device (61) for extracting at least 
one of a tfre r e son an ce frequency or a tire 
spnhg oonstant with lespeO to each of wheel 45 
tires from vivation firei^jen^ components 
foduded in whed speed si^eis which are 
detection results of said wheel speed (Meeting 
device; 

affr5ttBreafrprassureesfimatingdevice(ieob) 5a 
for estirreting tire afr pressures of drive and 
diriven w^ieels based on said tire resonance fre- 
quencies or said tire spring constants extracted 
tiy said extracting device; 
a rotational istale value calculating device ^ 
for caicutating rotational state values of wheel 
tires based ori said wheel speeds d^ected by 
said wheel ^peed detecting device: 
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a runnff^ Speed detecting device (6: Step 1 10) 
for detecting a nowiing speed of said vehide: 
and 

a second tire afr pressure estimating device 
(160a) for estimating tire air pressures of driven 
wheels based on deviations of said rotational 
state values calculated tyy said rotational state 
value calculatmg device, when said runiting 
speed of said vehicle is higher than a reference 



\ an estimating device of tire air pros- 
siffes of driven wheete is switGhed b^ween 

said first arvi second tire afr pressure estimat- 
ing devfoesw 

9. Atireafrpressureestnnatingapparatusoornprising: 

a wheel speed detecting device (2-5^ 6step 
100) for successively caladatmg wheel speeds 
of respective wfieels when a vehicle is running: 
an &cfr»:ting device (6: steps 120-140. 220- 
240) for extracting a plurality of tire resonance 
frequendes or a plurality of tire spring con- 
stants from vforation frequency components of 

a wheel speed signal with respect to each of 
wtieel tires; 

a selecting device (6: step 1 1 0) fr)r selecting a 
tire resonance frequency or tire spring constant 
used for estimating tire air pressure among 
said plurality of tire resonarx^e frequerKies or 
said plurality of tire spring constants b^ed on 
a mnning state of said vehide witti respect to 
each of s»d wheel tires; 
a determining device (6: steps 900-980) fbr 
d^errnning, t>ased on said running state of 
• said vehide. whether said wheel speed signal 
is suitat)le fbr estimating said tire afr pressure 
based on said tire resonance frequency or tire 
spring constant extracted therefrom and 
selected by said selecting device; and 
a tire afr presstro estimating device (6: step 
150. step 250) for estHhating said tire afr pres- 
sure based on said tire resonance frequency or 
tire sprir^ constant selected by s^ seledffig 
device and eadracted from said wheel speed 
signal d^ected when said determmtng device 
determinesthat said whed speed signet issuil- 
able for estimating said tire afr pressure based 
on said tire resonance frequency or tire spring 
constant extracted ther^rom 

1CX A tire afr pressure est imati ng ap p a ratus aoooiding 
to Claim 9. wherein said determining device (6: step 
900) mdudes a detecting device ^ for detectmg a 
vehide mnning state in which one of braking force 
or driving force is operated on said vehide; and said 
determining device aOows said tire resonance fre- 
quency or tire spring constant to be eodracted and 
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selected from said wheel speed signal detected 
when one of said t)faldng force or dHving force is 
operated on said vehida 

11. A tire ar pressuB esUmati n g apparatus according s 
to Qaim 9, wherein said d^ermining device 
includes a calculating device (6: step 91 0.) for cal- 
culalmg a vftjration input fronri a road surfEKe 
said vehide is rutnirig, and said determining device 
(6: step 920) detenrines a magnitude of said vi)ra- io 
tion iiput t)ased on a calculating result of said cal- 
culating deMce and allows said tire resonance 
frequency or tve spring constant to t>e eartracted 
and selected from said wheel speed signal 
detected when said magnitude of said viyation is 
ffiputfaDs in a predetermbied rangei 

12. A tire air pressure e siimali i ig apparatus according 
to Claim 9, wherein said determ inin g device (6: 
steps (930-950) includes a turning state d^ecting 20 
device (6: steps 930, 940) for d^ecting a tummg 
state of said vehicle; and said determining device 
aDows said lire resonance frequent or tire sprmg 
constant to be extracted and selected from said 
wheel speed signal detected wfien said vehicle is in as 
said fuming stat& 

13w A tire air pressure eslin idlin g apparatus acoordmg 
to Oaim 9. wherein said determining de^oe (6: 
steps 960-980) includes a decetefatng state ao 
d^ecting device (6: steps 960. 970) for (Ceding a 
decelerating state of said vehicle; and said deter- 
nnning dewoe aBows said tire resonance frequency 
or tire spnhg constant to be extracted and selected 
from said wtieel speed signal detected wtien said ss 
vehicle is in said deoetefaling statBL 

14w Atirearpressureesfimatingapparalusooinpristhg: 

a «4)eel speed de t ec ft i g devica 6: step 40 
100} inducing wrfieel speed sensors (2-5), for 
successively cdcutating wheel speeds of 
respective whe^ based on wheel speed sig- 
nals output from said wheel speed sensors 
whenavehicieisrunrahg: 4b 
an eMferacting dewce (6: steps 120-140. 220- 
240) lor esctradmg a tnre resonance frequency 
with respect to each of wheel tnres from vira- 
tion frequency compaients included in said 
wtieel speed signals; so 
a nmng state detectmg device 6step 110. 
step 910. steps 930 aid 940. steps 960 and 
970) for detedirig a nmirig slate of said vehi- 
cle: 

achan9ngdewoe(6:step900»stepg20.step ss 
9G0. step 980) for changing a frequency band 
inducfing said tire reson an ce frequency 
extracted by said extracting deme based on a 



detection result of said runr^ state detecting 
device; and 

a tve air pressure estimating device (6: step 
150. step 250) for estimating a tire air presswe 
of each of said wheel tires based m said tire 
resonance frequency extracted from said fre- 
quency band changed by said cfianG^ 
devica 

15L A tire air pressure estimating apparatus accortfing 
to Claim 14. wherein said extracting device indudes 
afiiter (6: step 120. step 220) for carrying outfater- 
processing with respect to said wheel speed sig- 
nals^ and said changing device changes frequency 
values of said filter for defining said frequency 
band. 

16. A tire afr pressure estimating apparatus acooicfing 
to Claim 15. wherein said filter has a plurality of fil- 
ter portions (6: step 120, step 220). and said chang- 
ing device changes frequency values of said fSter 
by selecting one of said filter portions. 

17. A tire air pressure estimating apparatus accordng 
to Claim 15. wherein said running state deeding 
deme (6step 1 10) d^eds a vehide body speed of 
said vehide; and said changing device cfianges 
said frequency values of said filter based on saki 
vehide body speed. 

ia A tire air pressure estimating apparatus accoirfing 
to Claim 15. wheran said running state detecting 
device (9. 6: step 900. steps 960. 970) detects a 
braldng state of said vehide; and said cfianging 
device changes said frequency values of said filter 
when said vehide is m said braldng stata 

A tire air pressure estimating a pparatus a ccord in g 
to Claim 15. w^terein said running state detecting 
d««ce (6: steps 960. 970) detects braldng stales off 
said wheels, and said changing device changes 
said frequenqf values of said fater when saxf 
wheels are in said braldng stat& 

20. A tire air pressure estimating apparatus accorcfing 
to Claim 19. wheran said running state detecting 
device is a brake siMtch 0) for detecting a braKe 
pedal depressed by a driver. 

2t. A tire air pressure estimating apparatus aooonfing 
to Claim 15. wfierein said running state detecting 
deince (6: steps 980. 940) detects a turning state of 
said vehicle; and said changing device changes 
said frequency values of said filter when said vehi- 
de Is in said tiffning slate. 

22. A tire air pressure est im ati n g apparatus acooiding 
to Claim 17. wherein said changing device indudes 
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a es lkwato i slop device (6: steps 900-380) for 
stoppong es tim ation of tire m pressure of a driven 
wheel when said veNde rs out of predetermned 
ooncftions whereas estimation of tre air pressure of 
a drive wheel is contihued based on said tire reso- s 
nance frequency extracted from said frequency 
band changed by said ch an gin g device in accord' 
ance with said vehicle body speed. 

23w A tire air pressure e stimating apparatus aocorc&ig w 
to Qaim 15^ wherem said runnvig state detecting 
device (6: steps 910. 920) d^ects a magnitude of a 
vi)ration input firom a road surface to said tireSk and 
said ch an g ing device changes said frequency val- 
uesofsaidfatBnii^iensaidmagmludeofsaidvim- rs 
tion input is larger than a reference valua 

24. Atfreairpreesure estimating apparatus oompri sihg : 

a wheel speed detecting device (2-5. 6: step 2a 
100) induding wheel speed sensors {2-^. for 
successively calcinating wheel speeds of 
respective wheels based on wtieel speed sig- 
nals output from said wheel speed sensors 
wfien a vehide is running; 25 
an exfradkig (tevice (6: steps 120-140. 220- 
240) tor extracting a tire resonance frequency 
with respect to each of wheel tires from vtra- 
tion frequency ccmponei il s included in said 
wfieel speed signals; 30 
a vhrstSon irfXit determining device (6: step 
910) for dtiermining wh^her a magrutude of a 
vixation input from a road surface to tires is 
larger than a refer e nce value; 
ach»ignngdevioe(6:step920)fDrchanginga 36 
firequency band indudsig said tire resonance 
frecpjency eadr^taJ said exti;^:ting device 
based on a determination restit of said vfera- 
tion input detectmg device; and 
a tire w pressure estnrnalirig device (S: steps 40 
150. 250) for estimating a tire air pressure of 
each of said viAieel tires t)ased on said tire re&> 
onarxe frequency eadracted from said fre- 
qyenqr band changed by said chsi^ng 
dmoa 4s 

25u A tfreafr pressure estimating apparatus according 
to CIsm 24. wtieren said esdractmg device includes 
a band pass flter (6: step 120. 220) fry allowing 
said wheel speed signals havmgpredrterniinedfte- so 
quendes to pass ther^hroughi and said chanspng 
devioechangesfrequency values of said band pass 
fitter. 

26. A tire air pressue e stimalw g apparatus aoooitfinig ss 
to Cl^ 25. wAierein said band pass fOter (6: step 
120. 220) has a pluafity of band passfater portions^ 
and said changing device changes frequency val- 



ues of said band pass filter by selecting one of saki 
band pass filter portk)ns. 

27. A tire air pressure estimat ' rtg apparatus a ccord in g 
to Oaim 24. further comprising: 

at least one of a vehide braking slate deeding 
device (9. 6: steps 960. 970). a wheel braking 
state detecting device (6: steps 960. 970) and a 
vehide tunning state detecting device (6: steps 
930940). 

wherein said changing device means crianges 
said frequency band based ondelBClk)n resultB 
of said respective detecting devk:es in additm 
to said magnitude of said vS)ration input 
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